ABSTRACT. Carbamazepine (CBZ) is used as the first line of treatment of complex partial seizures (CPS) in Malaysia. While this drug is known to be effective for the treatment of CPS, more than 30% of patients remain drug resistant to CBZ mono-therapy. We examined a possible relationship between patients' response to CBZ mono-therapy and the G2677T SNP of the ABCB1 gene. Three hundred and fourteen patients with CPS were recruited from the Neurology Department of the Kuala Lumpur Hospital, of whom 152 were responders and the other 162 were non-responders to CBZ mono-therapy. DNA was extracted from blood samples and real-time PCR was performed to detect the G2677T SNP of the ABCB1 gene. Results were described as genotype frequencies and compared by logistic regression analysis. Among the 152 responders, 74% had the GG genotype. However, among the 162 non-responders, 26.5% had the GT genotype and 39% had the TT genotype. There was a significant difference in genotype frequency (TT vs GG; odds ratio 4.70; 95% confidence interval,) between responders and nonresponders. The presence of the T allele of the G2677T SNP appears to be a useful screening marker to determine if a patient is going to be resistant to CBZ as a single drug therapy in the treatment of CPS.
INTRODUCTION
Epilepsy is a complex of seizures that arise from abnormal, excessive, synchronous, and sustained discharge of a group of neurons. This in turn leads to a persistent increase in neuronal excitability. Half of all epilepsies are idiopathic, while other causes of epilepsy are trauma, oxygen deprivation, tumors, infection, metabolic derangement, neuronal migration disorders and monogenic epilepsies (Engelborghs et al., 2000) . The incidence of epilepsy in Malaysia is 4-8 in 1000 (Kadir and Chadwick, 1999) , while the percentage of complex partial seizures (CPS) of idiopathic etiology is 5.7% (Pratap and Gururaj, 1989) . Three mechanisms have been identified to be involved in the pathogenesis of epilepsy: excitability, interictal-ictal transition and neurochemical mechanism (Engelborghs et al., 2000) .
Carbamazepine
Carbamazepine (CBZ) is used in the treatment of generalized tonic clonic, partial and generalized secondary seizures. CBZ is a derivative of iminostilbene, which is related to the tricyclic antidepressant family. This makes it suitable in the treatment of bipolar affective disorder and trigeminal neuralgia (Mayo Clinic, 2010) .
In KLH, CBZ is used as the first line of treatment of CPS, since it is known to be used to treat seizures effectively in most individuals and also because it is economical. CBZ is transported bound to albumin and α1-acid glycoprotein (AGP), an acute phase protein. In normal individuals, 75-85% of the drug is bound to these plasma proteins, while 20-25% remains in the free form (Dasgupta, 2008) . CBZ exhibits significant dose-response variability, so individualizing dosage and determining if a person is resistant to the drug is essential. Drug resistance is known to be influenced by failure in drug transport, which is thought to be governed by genetic factors (Ma and Lu, 2011) . Single nucleotide polymorphism (SNP) in specific genes may be used to predict if a person will respond to a drug as well as the therapeutic dosage required for a successful therapy (Hunt, 2008) .
G2677T polymorphism (rs2032582)
The G2677T SNP was the first SNP identified in the ABCB1 gene. It is also known as Ala893Thr and is located in exon 21. The ABCB1 gene is also known as the multi drugresistance 1 (MDR1) gene, and the gene product P-glycoprotein (P-gp) 170 is a member of the ATP-binding cassette transporter superfamily. ABCB1 is located on chromosome 7q21.1. The gene consists of 29 exons spanning nearly 200 kb of genomic DNA; however, only 27 exons code for P-gp. Its primary start site produces an mRNA transcript of 4360 bp that contains 28 exons. P-glycoprotein has 1280 amino acids, 12 trans-membrane domains and two ATP-binding domains. ABCB1 is expressed in barrier and excretory tissues that have protective or elimination roles, such as the blood-brain barrier, intestines, liver, kidney and placenta (Riordan and Ling, 1985) .
Pharmacotherapy of CNS disorders such as epilepsy, neurodegenerative disease and cerebral neoplasms are limited by the blood-brain barrier. P-gp is a critical element of the barrier (Miller et al., 2008) . The factors that make P-gp a selective gate keeper of the blood-brain barrier are its high level of expression, luminal membrane location, multispecificity, and high transport capacity (Bauer et al., 2005) . Almost a third of patients around the world are reported to have drug-resistant epilepsy, which is associated with an increased risk of death and debilitating psychosocial consequences (Wahab, 2010) . As this form is resistant to multiple antiepileptic drugs (AEDs), the mode of resistance must involve drug efflux transporters such as ATP-binding cassette subfamily B member 1 (Bazil, 2003) . The correlation between the presence of the T allele of the G2677T SNP and resistance to AEDs has been studied by scientists in different countries, such as Mosyagin et al. (2008) in Germany and Grover et al. (2010) and Vahab et al. (2009) in India, and was previously thought to be non-significant until patient response to an optimal dose of CBZ as a single drug therapy was studied in KLH. 
MATERIAL AND METHODS

Recruitment of patients for study
Malaysian patients of Malay, Chinese and Indian and East Malaysian ethnicity were recruited from the Epilepsy Clinic, Neurology Department of KLH, which is open on Monday afternoons. There were a total of 40 to 50 patients who were followed-up every Monday, since KLH serves as a tertiary referral hospital. The patient files were identified prior to the epilepsy clinic and written informed consent was obtained from suitable study volunteers. Study volunteers who fulfilled the inclusion criteria were enrolled into the study. They were provided with clear verbal as well as written information about the study. Those enrolled into the study gave their informed consent voluntarily.
A total of 314 patients were recruited and enrolled into the study. One hundred and fifty-six (49.7%), 84 (26.8%) and 70 (22.3%), and 4 (1.2%) were Malay, Chinese and Indian and East Malaysians, respectively. The study volunteers were diagnosed with CPS and secondary causes such as trauma, metabolic disorders, tumors and infectious causes were ruled out. As per the study design, 152 were responders to CBZ, while 162 were non-responders to CBZ. The study volunteers were required to answer a few questions regarding their family background (family history of epilepsy) their disease history (onset of the disease, characteristics as well of evolution of the seizures, frequency of attacks and treatment history) and progression (change in frequency of seizures after the onset of treatment) before they were assigned to the respective groups.
The responders included in the study comprised Malaysian citizens who were existing patients with CPS, under KLH Neurology Department follow-up. They were found to have normal MRI findings and mostly normal scalp EEG, except a few patients who showed left or right temporal spikes (Gupta and Jeavons, 1985) . They were men and women between the ages 18 and 60 years with no other co-morbidity. They were already on an optimum dose of CBZ as a single drug therapy and were compliant with treatment. As they were being followed-up every 3 months, we had chosen patients with no episodes of seizures in more than a year. We made sure that their serum CBZ levels were within the therapeutic range (17-51 µM) to ensure compliance with treatment.
The non-responders included in the study were Malaysian citizens who were existing patients with CPS with similar MRI and EEG findings as the responders, under KLH Neurology Department follow-up. They were men and women between the ages of 18 and 60 years with no other co-morbidity. They were on polytherapy that included CBZ, at the time of recruitment. They were treatment-naïve patients. Their compliance with treatment while they were on CBZ monotherapy was supported by their serum CBZ level before other antiepileptic agents were introduced.
Patients with other types of seizures were excluded from the study. Patients who were never treated with CBZ as well as those who had abnormal renal and liver function tests were also excluded from the study. In addition, patients who were on drugs that interacted with CBZ, such as alcohol, macrolides, antitubercular drugs, antifungal agents, benzodiazepines, antipsychotics, antidepressants, calcium channel blockers, cisplatin, H2 blockers, cyclosporine, doxorubicin, tetracyclines, hormone contraceptives, antiretroviral drugs and theophylline, were excluded from the study, to rule out confounding factors that could influence the outcome of treatment (Marks, 2008) .
Collection and processing of samples from the selected study volunteers
A 5-mL blood sample was drawn from each study volunteer. Of this, 1 mL was transferred to 4-mL EDTA Vacutainer tube, while 2 mL were transferred to a 4-mL heparin Vacutainer tube and another 2 mL were transferred to a 4 mL plain Vaccutainer tube with gel. The blood in the plain tube with gel was for serum CBZ level, while the blood in the heparin tube was for liver function test and renal profile, unless the patient had recent documented results for these parameters. The blood in the EDTA tube was kept for DNA extraction. To avoid heme induced damage of the DNA, 3 mL G-Dex II RBC lysis buffer (Intron Biotechnology, USA) were added to the blood in the EDTA Vacutainer. The Vacutainers were gently inverted a few times. The samples were then taken to the Bioassay Laboratory at the Institute for Medical Research, where the EDTA Vacutainers were centrifuged at 2000 rpm for 10 min. The supernatant layer containing the lysed RBCs was then discarded while the lower layer was kept for DNA extraction. The samples for renal profile, liver function test and serum CBZ level were sent to the laboratory at the Kuala Lumpur Hospital to be processed. The results were later traced and reviewed.
DNA extraction from whole blood
DNA was extracted from the buffy coat using the Qiagene DNA extraction blood kit. DNA concentration and purity were determined using the Nanodrop 2000 Spectrophotometer (Thermo Scientific, USA).
Real-time PCR
Real-time PCR was run using SNP Specific Predesigned Taqman Probes (content sequence: TATTTAGTTTGACTCACCTTCCCAG[C/T]ACCTTCTAGTTCTTTCTTATCTT TC) as well as Vic and Fam reporter dyes. DNA samples were diluted to a concentration of 10 ng/µL. The assays were run using a reaction volume of 10 µL consisting of 5 µL TaqMan GTXpress Master mix and 0.5 µL TaqMan Drug Metabolism SNP Genotyping assay mix (Applied Biosystems, USA), 1 µL diluted DNA, and 3.5 µL DNAse/RNAse free water (Germany). The reactions were run for 40 cycles at the cycling temperatures shown in Table  1 , for 40 min.
Stage
Step 
RESULTS
Among the 314 patients recruited, 156 were males while 158 were females, with a mean age of 37.6 ± 12.3 years. The responders were on a mean dose of 9.75 ± 5.1 mg·kg -1 ·day -1 and had a mean serum CBZ level of 27.5 ± 10.7 µM. The distribution of all genotypes (wild-type and heterozygous and homozygous mutant variants) and allelic frequencies are shown in Table 2 . Genotype frequencies were in accordance with Hardy-Weinberg equilibrium. Multiple logistic regression analysis was as shown in Table 3 . 
DISCUSSION
A total of 314 patients with CPS were recruited from the Epilepsy Clinic at KLH, Malaysia between August 2009 and January 2011. They were recruited irrespective of race or gender. The percentage distribution of the patients based on race was reflective of our population. In addition, their renal profile and liver function test were determined to exclude the failure of therapy due to poor drug metabolism or elimination. A total of 152 patients were responders while the other 162 were non-responders to CBZ monotherapy. Patients were considered responders if they were free of unprovoked seizures for more than 12 months since the initiation of the optimum dose of CBZ as a single drug therapy. Non-responders were patients who had poor seizure control with optimum dose CBZ monotherapy, requiring the addition of another AED or the substitution with another drug all together. ABCB1 is a multidrug efflux pump known to be present in all excretory organs including the epithelial lining of the bloodbrain barrier. This P-gp macromolecule is responsible for drug transport. The high expression of the ABCB1 gene in many of these organs suggests that it is responsible for drug transport. Failure of drug transport could be associated with certain polymorphisms in the gene. SNPs associated with drug response were found to differ among different populations. The G2677T was the first SNP discovered for human P-gp. The association between the G2677T SNP in relation to the treatment outcome with CBZ among Europeans (Mosyagin et al., 2008) and Indians from India (Grover et al., 2010) were found to be non-significant. On the contrary, a similar study conducted in Japanese patients with temporal lobe epilepsy (Seo et al., 2006) found a significant association. A study carried out in the Chinese population of Beijing showed a high degree of linkage disequilibrium between G2677T and two other polymorphisms of the ABCB1 gene in relation to drug-resistant epilepsy (Lu et al., 2007) . However, when the G2677T SNP was examined in a single locus analysis in the same study, it failed to show significant association with drug-resistant epilepsy. An important factor that was not considered was the type of seizure and the etiology of seizures among the patients recruited in the studies.
A previous study conducted in Malaysia showed that there was no association between polymorphisms of the ABCB1 gene and drug-resistant epilepsy. However, it did not specify the type of epilepsy or mentioned the specific drug chosen to be studied. Drug interaction between AEDs and other drugs were not ruled out. (Haerian et al., 2011) . The team that conducted the study in the Japanese population only recruited patients with temporal lobe seizures, which are responsible for most CPS and managed to obtain a significant association between the G2677T polymorphism and the outcome of treatment. Prompted by the Japanese Table 3 . Logistic regression analysis of the association between the responses to CBZ in the study population (N = 314) on the basis of genotype at nucleotide position 2677 in exon 21 of the ABCB1 gene. CI = confidence interval; GG = homozygous wild type; GT = heterozygous; TT = homozygous mutant; a adjusted for ethnicity and age. *P < 0.001. study, we decided to focus on CBZ monotherapy as the first line of treatment for CPS, since it is practiced in KLH. Another important confounding factor we eliminated was known drug interaction with CBZ. Some of the patients, who we had to exclude from the study initially responded well to CBZ monotherapy until a calcium channel blocker such as amlodipine and nifedipine was introduced for newly diagnosed hypertension in these patients. Patients who did not respond to CBZ monotherapy but were found to be on concurrent treatment with theophylline for the treatment of bronchial asthma were also excluded for the same reason. We found that patients who had the GG genotype were significantly (P < 0.001) more likely to respond to CBZ monotherapy (74.3% of the responders). Among the responders, 7.9% had the GT while another 17.8% had the TT genotype. However, among the non-responders, 38.9% had the TT genotype, 26.5% had the GT genotype and 34.6% had the GG genotype. On the basis of logistic regression analysis, a patient with the GG genotype was significantly (P < 0.001) more likely to respond to an optimal dose of CBZ as compared to those who were heterozygous or had the TT genotype. However, a patient with the TT genotype was more likely to be resistant to CBZ as compared to patients with the GG and GT genotypes. The majority of the non-responders carried the T allele (66.2%). This shows that the T haplotype may be responsible for drug resistance to CBZ in patients with complex partial seizures. As for the 34.6% of the non-responders who had the GG genotype, factors such as stress and sleep deprivation leading to drug-refractory epilepsy were probable but could not be determined. Neither the drug response nor the genotype showed any correlation with race.
All 152 patients who were responders to CBZ monotherapy achieved good seizure control and a significant improvement in their quality of life. In fact, quite a few of them were in the process of being weaned off CBZ after being seizure-free for almost 3 years. The results suggest that screening patients for the T haplotype of the G2677T SNP maybe a reliable way to predict drug resistance among patients with complex partial seizures before initiating CBZ therapy.
